Colorectal carcinoma (CRC) is one of the most common cancers globally. It is essential to identify a prognostic predictor for CRC. Pentraxin 3 (PTX3) is a glycoprotein that is secreted by a variety of human cells. It plays an important role in inflammation and immune regulation. Increasing evidence reveals that elevated PTX3 expression is related to poor prognosis in various cancers. The aim of the study was to determine the usefulness of plasma PTX3 level as a prognostic predictor in CRC. Total 184 CRC patients and 216 controls were included. Plasma levels of PTX3 were determined using Enzyme-linked immunosorbent assays. On admission, plasma PTX3 levels in CRC patients were higher than those in controls (11.8 ± 2.5 ng/ml vs. 3.1 ± 0.9 ng/ml, P < 0.001). After resection, plasma PTX3 levels in patients were decreased (6.0 ± 1.4 ng/ml, P = 0.007), and were elevated at the time of relapse (10.8 ± 2.8 ng/ml, P < 0.001). During the 60-month follow-up period, 108 patients suffered from relapse. Plasma PTX3 levels of ≥ 12 ng/ml on admission were associated with relapse (OR: 3.11, 95% CI: 1.74 ~ 6.29), and tumor-free survival rate in those patients with plasma PTX3 levels of ≥ 12 ng/ml was lower than that in other patients (P = 0.001). Furthermore, plasma PTX3 levels on admission showed positive linear correlations with plasma complement 3, 4 and 5b9 levels (P < 0.001, P < 0.001, P < 0.001). Therefore, we propose that PTX3 is an independent prognostic indicator in CRC.
Introduction
Colorectal carcinoma (CRC) occurs in human colon and rectum. Early symptom includes weak, weight loss, bloody stool and intestinal motility disorder (Compton 2003) . Nowadays, CRC has become one of the most common malignancies globally. More than 1.2 million people suffer from and 600,000 patients die of CRC annually (Ferlay et al. 2010; Torre et al. 2015) . A variety of screening, diagnostic and treatment methods have been developed for improving prognosis, but CRC is still deadly with elevated morbidities and mortalities, particularly in developing countries (Guo et al. 2012; Brenner et al. 2014) . In order to meet the challenge of CRC, some available methods for predicting prognosis and guiding treatment decision are urgently required by clinicians.
Pentraxin 3 (PTX3) is a glycoprotein with a molecular mass of 45 kDa. It plays an essential role in immune regulation, inflammation, apoptosis and vascular remodeling (Mantovani et al. 2003; Garlanda et al. 2005) . PTX3 can be secreted by various human cell types, including dentritic cells, macrophages, and fibroblasts (Savchenko et al. 2008) , and its secretion might be regulated by many factors, such as interleukin-1β, tumor necrosis factor α, microbial infection and tissue injury (Bottazzi et al. 2006; Cieślik and Hrycek 2012) . In recent years, an increasing number of studies have focused on the potential relationship between PTX3 and various malignancies, particularly lung cancer. Zhang et al. (2013) revealed that PTX3 was significantly increased in both cancer tissues and plasma in lung cancer patients, which might improve identification of patients with cancer from those with non-malignant lung diseases. Liu et al. (2014) suggested that high PTX3 expression appeared to correlate with aggressive behavior in small cell lung cancer. Infante et al. (2016) revealed that increased expression of PTX3 might be related to poor prognosis in lung cancer via local inflammation mechanism. Takeda et al. (2015) reported that PTX3 might be helpful for diagnosis of febrile neutropenia in lung cancer patients. Some studies have also focused on liposarcoma, pancreatic cancer, glioma and CRC, and have partly revealed prognostic role of PTX3 in these types of cancers (Germano et al. 2010; Kondo et al. 2013; Locatelli et al. 2013; Di Caro et al. 2016) . However, potential mechanism of PTX3 on prognostic utility in these cancers has not been well elucidated.
Therefore, we conducted a prospective study to further determine the diagnostic and prognostic significances of PTX3 in CRC patients, and to preliminary explore the mechanism in CRC patients.
Materials and Methods
The study was approved by the ethics committee of Dezhou People's Hospital. A total of 200 consecutive patients with CRC were included in the study from Dezhou People's Hospital between January 1, 2008 and June 30, 2009 . Inclusion criteria were listed as follows: (1) diagnosis was established pathologically; (2) patients had never received radiotherapy, chemotherapy, surgery and other anti-tumor therapies on admission; (3) after blood specimen collection, patients would undergo CRC resection; and (4) patients had not suffered from coronary heart disease, cerebral infarction, diabetes mellitus, autoimmune disease, severe infection and other malignancies. Patients with stage IV CRC were excluded, because they were unable to undergo resection.
A total of 50 colorectal polyp patients and 216 healthy controls were selected from medical examination center, Dezhou People's Hospital. In colorectal polyp patients, colonoscopies were conducted for establishing the diagnosis. Age-matched healthy controls did not suffer from colorectal polyps, ulcerative colitis, cardiovascular disease, diabetes mellitus, autoimmune disease, severe infection or other malignancies. All CRC patients, colorectal polyp patients and healthy controls were explained the whole research process, and all of them signed informed consents.
Blood specimens were collected from participants at the first time when they were included in the study. Four weeks after resection, blood specimen was obtained from each CRC patient again. All CRC patients agreed to be followed-up for 60 months, and tumor relapse was regarded as poor prognosis. If an included CRC patient suffered from relapse in the follow-up period, blood specimen was collected for a third time.
Blood specimens were centrifuged at 3,000 rpm for 10 minutes, and plasma specimens were separated and stored at −80°C for later analyses. All specimens were stored for no more than 3 months. Plasma levels of PTX3, complement 3 (C3), complement 4 (C4) and complement 5b9 (C5b9) were measured using commercial enzyme linked immunosorbent assay (ELISA) kits (R&D systems, Minneapolis, MN, USA). All procedures were carried out in accordance with manufacturer's instructions. Demographic and medical information of participants were obtained from medical records and face-to-face interviews at admission.
Statistical Product and Service Solution version 17.0 (SPSS, Chicago, IL, USA) was adopted for statistical analysis in the study. There were two kinds of variables in the study. They were continuous variable (e.g. plasma level of PTX3) and categorical variable (e.g. gender). Continuous variable was represented by mean ± SD, and categorical variable was represented by frequency. Differences of continuous variables and categorical variables were detected separately by independent sample t test and Chi-square test. Difference of recurrence free survival rate in postoperative patients was evaluated by survival analysis. Pearson correlation analysis was conducted to determine the relationship between plasma level of PTX3 and plasma levels of complement proteins (C3, C4 and C5b9). A P value of less than 0.05 was considered to be statistical significance. Receiver operating characteristic curve analysis was conducted to determine cut off values for plasma levels of PTX3, C3, C4 and C5b9. Association between several factors (e.g. plasma PTX3 level) and tumor relapse in patients was determined by logistic regression analysis. In such analysis, odds ratio (OR) with 95% confidence interval (CI) was obtained. If a 95% CI did not include value "1", this analysis was considered to be statistical significance.
Results
Among the 200 CRC patients, ten patients were lost and another six patients were died of cardiovascular diseases in the follow-up period. Thus, 184 CRC patients, 50 colorectal polyp patients and 216 healthy controls were analyzed in the present study (Table 1 ). There was no significant difference in sex, age, body mass index (BMI), smoking history, drinking history or family history of CRC among CRC patients, colorectal polyp patients and healthy controls. Plasma levels of PTX3, C3, C4 or C5b9 were significantly higher in CRC patients than those in healthy controls (P < 0.001 for each). In contrast, plasma levels of these four proteins were comparable between colorectal polyp patients and healthy controls (P > 0.05).
Compared with controls (3.1 ± 0.9 ng/ml), plasma levels of PTX3 on admission were significantly higher in CRC patients (11.8 ± 2.5 ng/ml, P < 0.001) (Fig. 1) . By four weeks after resection, plasma levels of PTX3 in patients were remarkably decreased (6.0 ± 1.4 ng/ml, P = 0.007). In the follow-up period, tumor relapse occurred in 108 postoperative patients, and plasma levels of PTX3 in these patients were increased to 10.8 ± 2.8 ng/ml again (P < 0.001).
The 184 CRC patients were divided into several subgroups according to smoking history, drinking history, onset of colorectal polyps, onset of ulcerative colitis, and family history of CRC ( Table 2 ). The plasma levels of PTX3 were similar among those subgroups: P = 0.944, P = 0.735, P = 0.843, P = 0.745, and P = 0.634, respectively. Thus, plasma PTX3 levels might not be affected by the above factors.
The receiver operating characteristic curve analysis revealed that a cutoff point for plasma level of PTX3 on admission was 12.0 ng/ml (Fig. 2) , yielding the sensitivity of 81.3% and the specificity of 69.5% in predicting tumor relapse in patients (area under the curve = 0.789, P < 0.001). In addition, the cutoff values for plasma levels of C3, C4 and C5b9 were 1.6 g/L, 0.5 g/L, and 841.0 g/L, respectively ( Fig. 2B-D) .
The CRC patients were divided into high PTX3 group (≥ 12 ng/ml) and low PTX3 group (≥ 12 ng/ml) according to the cutoff value (12.0 ng/ml) on admission. There were 108 tumor relapse patients and 76 tumor-free patients in the follow-up period (Table 3) . Tumor relapse was more common in patients with tumor stage II or III and high plasma levels of PTX3 on admission (≥ 12 ng/ml) compared with that in patients with tumor stage I (P = 0.025 and P = 0.013) and low plasma PTX3 levels (< 12 ng/ml) (P < 0.001). In addition, plasma levels of C3, C4 and C5b9 were signifi-cantly increased in the relapse patients compared with those in tumor-free patients (P = 0.001, P < 0.001, and P = 0.003, respectively). However, there was no significant difference in other demographic and pathological factors, such as sex (P = 0.059), age (P = 0.078), tumor site (P = 0.369), tumor size (P = 0.248) and tumor differentiation (P = 0.917 and P = 0.665), between tumor relapse patients and tumor free patients (Table 3) .
In Table 4 , logistic multivariate regression analyses revealed that tumor relapse in patients were separately associated with tumor stage II (OR: 2.30, 95% CI: 1.17 ~ 5.12), tumor stage III (OR: 2.45, 95% CI: 1.21 ~ 5.78) and high level of PTX3 on admission (≥ 12 ng/ml) (OR: 3.11, 95% CI: 1.74 ~ 6.29). In Fig. 3 , survival analysis also suggested that tumor-free survival rate in patients with low levels of PTX3 on admission (< 12 ng/ml) was significantly higher than that in patients with high level of PTX3 on admission (≥ 12 ng/ml) (P = 0.001). Therefore, plasma level of PTX3 on admission might be an independent prognostic factor in CRC patients, and tumor stage might be another important prognostic factor in CRC patients.
Then, we combined the plasma PTX3 level on admission and the tumor stage into one prognostic analysis. In patients with tumor stage II or III, the association between high PTX3 levels (≥ 12 ng/ml) and tumor relapse in patients was stronger (OR: 9.77, 95% CI: 4.81 ~ 21.13) (Table 4) . However, in patients with tumor stage I, the association between high PTX3 levels (≥ 12 ng/ml) and tumor relapse was weak (OR: 1.44, 95% CI: 1.15 ~ 4.75) (Table 4) . Therefore, prognostic significance of plasma PTX3 levels was stronger in patients with advanced CRC. The patients with relapse were also divided into high level groups and low level groups according to the cutoff values for plasma levels of C3, C4 and C5b9 (1.6 g/L, 0.5 g/L and 841.0 g/L) 11.8 ± 2.5 3.5 ± 1.2 3.1 ± 0.9
830.3 ± 63.5 572.4 ± 65.1 550.6 ± 57.4 ＜ 0.001 0.576 The lower boundary of the boxes indicates the 25 th percentile, line within the boxes marks the median, and the higher boundary of the boxes indicates the 75 th percentile. Error bars below and above the boxes indicate minimum and maximum values. The data were obtained from 216 control, 184 patients on admission, 184 patients after resection, and 108 patients after relapse (*P = 0.007 and **P < 0.001, compared with control).
Subgroups
No. of patients (n) Table 2 . Plasma levels of pentraxin 3 in colorectal carcinoma patients at admission.
a Differences of continuous variables were detected by independent sample t test. A P value of less than 0.05 was considered to be statistical significance. CRC, colorectal carcinoma; SD, standard deviation; CP, colorectal polyps; UC, ulcerative colitis. 
794.4 ± 60.2 869.4 ± 65.8 0.003 A: Tumor-free survival rate in 94 patients with plasma pentraxin 3 levels of ≥ 12 ng/ml was significantly lower than that in 90 patients with plasma pentraxin 3 levels of < 12 ng/ml (Log rank P value = 0.001). B: In patients with tumor stage II or III, tumor-free survival rate in patients with plasma pentraxin 3 levels of ≥ 12 ng/ml was lower (Log rank P value < 0.001). The data were obtained from 72 patients with plasma pentraxin 3 levels of ≥ 12 ng/ml and 66 patients with plasma pentraxin 3 levels of < 12 ng/ml. a Multivariate adjusted odds ratio were matched for sex, age, tumor site, tumor size, tumor differentiation and tumor stage. If 95% confidence interval did not include value one, it would be considered to be statistically significant. TNM, tumor node metastasis; OR, odds ratio; 95% CI, 95% confidence interval. Fig. 4 . Correlation analysis of plasma pentraxin 3 with complement 3, 4 and 5b9 in colorectal carcinoma patients. Plasma pentraxin 3 levels showed positive linear correlations with plasma levels of complement 3 (r = 0.904, P < 0.001), complement 4 (r = 0.857, P < 0.001) and complement 5b9 (r = 0.818, P < 0.001). The data, shown in A-C, were obtained from 184 colorectal carcinoma patients.
(see Fig. 2B-D (Table 4 ). In Fig.  4 , plasma levels of PTX3 had positive linear correlations with plasma levels of C3 (r = 0.904, P < 0.001), C4 (r = 0.857, P < 0.001) and C5b9 (r = 0.818, P < 0.001). We thus discovered higher degree of complement activation on admission in tumor relapse patients, and complement activation might play a potential role in prognostic significance of plasma PTX3 level.
Discussion
A previous study has reported that circulating inflammatory mediators including PTX3 are predictive of postoperative relapse after CRC surgery (Di Caro et al. 2016) . In the present study, we also showed significantly higher plasma PTX3 levels in CRC patients compared with those in controls. Importantly, plasma levels of PTX3 decreased after resection and increased after relapse of CRC. Thus, we propose the important role of plasma PTX3 in the diagnosis and relapse monitoring of CRC.
During the follow-up period, 108 patients suffered from relapse of CRC, and remaining 76 patients were tumor free following operation. Most demographic and pathologic factors were evenly distributed in relapse patients and tumor-free patients, except for plasma PTX3 levels on admission and tumor stage. In order to evaluate the association between plasma level of PTX3 and prognosis in patients, a logistic multivariate regression analysis was conducted. In such process, we had proved a 200% increased relapse risk in patients with high plasma PTX3 levels compared with that in patients with low plasma PTX3 levels on admission. Furthermore, survival analysis also suggested a significant tumor-free survival advantage in patients with low plasma PTX3 levels on admission, which was consistent with the result obtained from logistic multivariate regression analysis. Therefore, plasma levels of PTX3 on admission might be an independent prognostic factor in CRC patients.
Prognostic significance of a single factor was limited, and multifactorial prognostic system might have a greater effect. We thus explored the relationship between prognosis and plasma PTX3 levels in patients with different tumor stages. After excluding patients with tumor stage I, logistic multivariate regression analysis and tumor-free survival analysis both revealed greater power of high plasma PTX3 levels on admission in poor prognosis prediction in CRC patients. Therefore, plasma level of PTX3 might have a greater prognostic power in advanced tumor stage patients, and a multifactorial prognostic system including plasma levels of PTX3 should be developed in the future.
A previous study suggested that plasma levels of PTX3 in patients with benign lung diseases were significantly higher than healthy subjects (Zhang et al. 2013) . And, it was well known that patients with colorectal polyps or ulcerative colitis had a great risk to develop CRC. Therefore, we set up a colorectal polyp group in the present study, and found no difference in plasma level of PTX3 between colorectal polyp patients and healthy controls. However, we were unable to set up an ulcerative colitis group, because ulcerative colitis was a rare disease in China. Thus, it remains to be investigated whether ulcerative colitis affects the plasma PTX3 levels.
At present, underlying mechanisms of elevated plasma PTX3 levels in CRC were not fully elucidated. Some possible explanations for the association between PTX3 and CRC were listed as follows. (1) Chronic inflammation enhanced carcinogenesis partly through stimulating angiogenesis and inhibiting apoptosis (Jackson et al. 1997; Balkwill and Mantovani 2001) . (2) Anti-inflammatory action might significantly reduce cancer risk including CRC (Akhmedkhanov et al. 2001; Moysich et al. 2002; Swede et al. 2005) . (3) C-reactive protein (CRP) reflected inflammation level in the body, and elevated plasma levels of CRP in healthy subjects predicted long-term cancer risk (Allin et al. 2009 ). (4) PTX3 was another inflammatory factor, which had similar function with CRP, and a previous study revealed that plasma PTX3 levels increase more rapidly than CRP in pathological conditions (Okutani 2006) .
Complements are useful innate defense system, which can participate in the elimination of microorganisms, apoptotic and damaged cells (Walport 2001) , and pentraxins closely collaborates with complement system during such processes (Nauta et al. 2003) . In other areas, complement system and PTX3 might also have a significant correlation. For example, a previous study had revealed a close association between PTX3 deposition and complement activation at the endothelial cell level in failed arteriovenous fistula (Castellano et al. 2010) . Therefore, we explored the change of complement proteins in CRC patients in the study, and preliminarily discovered the activation of complement system in patients. We also demonstrated for the first time a linear correlation between PTX3 and complement proteins in CRC patients. However, more studies should be conducted in the future.
Taken together, plasma levels of PTX3 might have several potential clinical uses: First, plasma PTX3 levels might be an independent prognostic indicator, and might also be an important part of potential prognostic system in CRC patients; Second, plasma level of PTX3 might be an useful monitoring indicator for relapse in postoperative patients; Third, plasma level of PTX3 might partly reflect immune condition and complement activation in patients.
In conclusion, the present study has demonstrated that circulating PTX3 is predictive of the prognosis of CRC, and prognostic significance of PTX3 might enlarge in CRC patients with advanced tumor stage. We had also obtained some interesting, but not sufficient, evidence that prognostic significance of PTX3 might be partly involved the complement activation in CRC patients.
